Ziziphus Spina -Christi extract (ZSC) was investigated as green corrosion inhibitor for Al-Cu alloy in acidic and alkaline media using chemical and electrochemical techniques. proposed physisorption mechanism. Potentiodynamic polarization measurements showed that the presence of ZSC extract in both media affects mainly the cathodic process, and decreases the corrosion rate to a great extent. The results obtained from weight loss and thermometric measurements are in a good agreement with potentiodynamic polarization measurements.
Introduction :
The protection of the metal or alloys against corrosion can be achieved either by special treatment of the medium to depress its aggressiveness or by introducing into small amounts of special substances called corrosion inhibitors. Most of researches were devoted to study the corrosion inhibition of metal and its alloys in aqueous media using large number of organic compounds (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Recently started to study the natural compounds of some plant extracts as green corrosion inhibitors (11) (12) (13) (14) (15) with low risk of environmental pollution. This extract contains different hydroxy organic compounds, e.g. tannins, flavoniods, anthraquinones, steroids, saponins and other nitrogen containing compounds.
There are no reports in the literature on the use of the plant extract of Ziziphus Spina-Christi (ZSC) therefore; the aim of the present work is to examine the effect of (ZSC) as green corrosion inhibitor for Al-Cu alloy in acidic and alkaline media, using chemical and electrochemical measurements.
Experimental
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The surface analysis for aluminum -copper alloy was presented in Table (1) . Al alloy sheets with dimension of 3.0x1.0x0.2 cm were used for weight loss and thermometric measurements. For polarization a cylindrical rod was mounted into glass tube by epoxy resin, with exposed surface area of 1.68 cm 2 to contact the solution. Before each experiment, the electrode surface was mechanically polished using successive grades of emery papers down to 4/0, and degreased with ethanol and then washed several times with bidistilled water and dried. The electrolytic solutions HCl, H3PO4 ,H2SO4 and NaOH were prepared using Analar grade reagents. Preparation of the plant extract (16) , Weight loss measurements were recorded by the usual procedure (17) at temperature range (25-65 o C) with and without different concentrations of the plant extract. Triplicated samples were used to check reproducibility of results. Corrosion rates (C.R.) were expressed in g/cm 2 min, and the inhibition efficiency percentage (IE%) was calculated from the relationship (18) :
(1)
ZIZIPHUS SPINA -CHRISTI AS GREEN CORROSION Where Rfree and Rinh are the corrosion rates of alloy sheet in free and inhibited solutions, respectively. Thermometric measurements were described by Mylius (19) . Each experiment was carried out with 15ml of test solution. The initial temperature in all experiments was 25 o C , and the reaction number (R.N) is defined as:
Where m T and i T are the maximum and initial temperatures, respectively and t is the time in minutes taken to reach m T .
The potentiodynamic polarization measurements were carried out in a conventional three-compartment cell with a cylindrical rod of Al-Cu alloy as working electrode. A saturated calomel electrode (SCE) was used as reference and platinum wire as counter electrode. The measurements were performed after half an hour immersion with scan rate 2 m Vs -1 . All the measurements were performed in aerated solutions at room temperature (25±1 o C).
Results and discussion :
The corrosion rate, C.R., g/cm 2 .min, for Al-Cu samples in aerated solutions of 2.0M of each of HCl, H3PO4, H2SO4 and 1.5M NaOH along a period of 120 min was constructed under weight-loss method. The calculated corrosion rates, C.R , are 1.39 e -3 , 8 .20 e -6 , 3.64 e -6 and 5.21e -4 for 2.0M of HCl, H3PO4, H2SO4 and 1.5M NaOH, respectively .This indicates that the C.R. decreased in the order:
HCl < NaOH< H3PO4 < H2SO4
The effect of adding wide range ( 0.4 -8.0 g/L) of the plant extract, ZSC on the weight-loss of Al-Cu samples in 2.0M of acids and 1.5M NaOH as corrosive media was represented by Figs.2(a,b,c,d ) . As can be seen from the plots of this figure that in the presence of the extract the weight loss varies linearly with time, and it is lower than obtained in the free solution. These linear plots indicate the absence of insoluble surface film during corrosion, and the inhibitor was first adsorbed onto the metal surface and thereafter, inhibits the corrosion process (20) . Also it is obvious that the C.R decreases with increasing the concentration of the inhibitor. This indicates that the degree of inhibition depends upon the concentration of inhibitor and the nature of corrosive medium. The inhibition efficiency percent, IE% of the inhibitor in both acidic and alkaline media was calculated using the relationship (1). ZIZIPHUS SPINA -CHRISTI AS GREEN CORROSION The degree of the surface coverage θ which represents the part of the metal surface covered by inhibitor molecules was calculated using the following relationship (18) : (3) The values of C.R , IE% and θ for different concentrations of ZSC extract in 2.0M acidic and 1.5M alkaline media are listed in Table( 2). Inspection of this Table revealed that as the plant extract concentration is increased, C.R decreases, while the IE% and θ increase, indicating the increase of the number of adsorbed molecules of ZSC extract on Al-Cu alloy surface. A good inhibition efficiency percent observed at 8.0 g/L with 91.08% and 85.60% in 2.0M HCl and 1.5M NaOH solutions, respectively. It is concluded that ZSC acts as an excellent inhibitor for corrosion of Al-Cu alloy in both media. The interaction between the inhibitor molecules and the metal surface can be provided by the adsorption isotherm. The Kinetic thermodynamic model (20) (El-Awady isotherm) has been found to give the best fit to the weight loss results of the inhibitor under test, by the following relation :
og k is the intercept of the straight line, and y is the number of inhibitor molecules occupying a given active site. The equilibrium constant of the adsorption process ( K ) is given by:
Values of y 1 <1 imply, the formation of multilayer's of the inhibitor molecules on the metal surface, while as y 1 >1 mean that a given inhibitor will occupy more than one active site (20) . 
Where 55.5 is the molar concentration of water, R is the gas constant and T is the absolute temperature. Table ( 3). (22) .
The calculated values of  ads G  revealed the occurrence of a physical adsorption, and there is no chemical interaction between the inhibitor molecules and alloy surface. The negative sign indicating spontaneous interaction of inhibitor molecule with corroding metal surface (23) . The effect of temperature range (25- 
The apparent activati
The apparent activation parameters,  a E ,  H and  S were obtained from Arrhenius equation (24) :
Eyring equation (24) : The values of activation parameters are listed in Table (5) . It is demonstrated that, the of presence ZSC extract in both media increases the values of  a E comparing to its uninhibited, these attributed to an appreciable decrease in the adsorption process of the inhibitor on the alloy surface with increasing temperature, through a physical adsorption (25) . The higher  H value in presence of ZSC extract indicates that, the degree of the surface coverage decreases with increasing temperature, supporting the proposed physisorption mechanism. Also the negative values of  S mean, the increase in ordering accompanied the dissolution and inhibition processes.
Table (5): The values of activation parameters for Al-Cu alloy in 2.0 M acidic and 1.5 M alkaline media in the absence and presence of ZSC extract . The corrosion rate of Al-Cu alloy in 2.0M HCl and 1.5M NaOH solutions and in presence of different concentrations (0.4 -8.0 g/L) of ZSC extract at 25 o C was studied using thermometric technique. Figs.6 (a, b) show that, all curves are characterized by slow rise in temperature with time and finally decrease after attaining a maximum value, Tm. The reaction number, R.N. of system which is evaluated by using the relationship (2). provides the differentiating between strong and weak adsorption (26) . The strong adsorption is noted in HCl than NaOH solution.
Inhibited solution free solutions
The inhibition efficiency percent, IE% is calculated by the relation:
The calculated values of IE% of ZSC extract at 8.0 g/L are 90.36% and 85.85% Table (6). 26 2 100 . The inhibition efficiency percent, IE%, at different concentrations of ZSC extract in both acidic and alkaline media was calculated from the corresponding electrochemical polarization measurements according to the following relation: 
Conclusion:
Ziziphus Spina-Christi act as inhibitor, and the highest efficiency was observed 
